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DUME reocknd OF MHOTOSTNTHED]S

b’ A, WM. Kusin and R, Ya, Shkol ' nik

(Institute of Hiochemistry imeni

A. N, Bakh, Academy of Scisnocees of
the USSR, Precentad by Academician
A. 1. Oparin on May L, 1950).

A Digest_/

We have shown in previous work (1) that alduronic acids, which are
unstable and react with hydroxylamine forming hydroxamic acids, are preeent
in green lsaves, We have established that the compounds in question are
actually alduronic scids by isolating the hydroxamic acids, treating thea
with alkali so that ammonia was split off, and identifying the remaining
carbohydrate residue acoarding to C. Neuberg (3). This result induced us
to investigate in greater detail the part which alduronio acids play in
photosynthesis,

We determined the content of alduronic acids in the fraction whidh,
acoording to 8. Ruben et al, (2), contains the carbon isotope used as a ;
tracer after fixation in the light of carbon dioxide containing the traocer.
10 g. of leaves were placed into 100 ml. of boiling water. After 2 min. of
boiling the leaves were triturated in the water and their juice was pressed

out. L g. of talcum were stirred up with the juice, whereupon the mixture
was filtered under sustion. The clsar filtrate was extracted three times
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with other (25 ml. portiens) and after that ) tims with iseasyl alechel
(20 nl. pertions). The equesus solution wes evaporsted ia vesuua down %o
a velwsw of § al., and the small quaniity of precipitate formed during
evaperatien Was remeved by esatrifiging. Whea 25 ul. of 96§ otlyl aloshol
were sdded te the aguecus selution, s precipitate whieh was inseluhle in
the aleshel (new having & eemsemtratisa of 80%) has fermed (frestion A.)
Upon removel of frastion A, the filtrate wes preeipitated with a satwrated
solutien of bariwm chlerids im 808 aloohol. The precipitate fermsd upon
sddition of beriuwam chloride (frestien B) was isclated by centrifuging, washed
with 96§ aloohe), washed with ethar, and them dried. Frectien D was %ested
rcmmm¢Mauwwmmu.-mume
(1, J-mephthalenediol) and subeequent extrection with benseme (). The
leaves of primrose, wheat, white clover, and pontweed (Petamogeton Tourn, )
were ‘ested in this manner. Fractioa D revealed the presence of wroanic
aoids in every instance. The reactioms for pyruvic acid, with saligylie
.m.mh. and for glyexylic acid according to Fosse (1) wore negative.

Acoording to Oaffrom et al (L), fractions containing trecsr carbon
wtmzmammumlmtmmmcwoumm
while they are easily medified whem exposed te illumimation. K. A. Bayohenke
(5) showed that it is possible te reduce with hydrogen carbon dioxide subd-
sequently teo the latter's fimtiem by the chlercplasts.

W aseumed that the alduronic acide are forwed as & result of the fin-
-u-‘.rmmm“o.dm-u-quuumrmm.
Twe sanples of the leaves, weighing 10 g. sach, were plased: inte air eem-
taining 108 carbea diexide and inte air met centaising any carbea dioxide
(cmm-nm—u-wn-mmwmaomuu
earben @lexide formed by respiratisn) respestively. The first sesple was
Wopt in complote darkmess, while the seccnd was illumisated by a 500 eandle

—
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! power source plased at a distance of 20 en. undsr employmeat of water acolimg.
The temperature in both cases was kept at 18-20°C, After expirstiom of a

‘ osrtain period of time (ses talulated data), the leaves were rapidly trans-

‘ ferred into 100 ml. of boilimg distilled water. Boiling was cemtinued for

2 minutes and then frastien P was cbtained acomrding te the method deseribed
above. Fraection B was dissolved in 2 ml. of water which hed been acidified
with HCl and 0.5 ml. of the solution obtained im this manner were tested

for alduronic acids by the naphtheresoroinol reactiom followed by extraction
with bensens, The data obtained are presented im Table 1,. Im individual

experiments, the bensens exiracts were compared by means of a stage photo-
! mter. The table lists extinctions obtained in ouwettes (cells) 0.25 cm.
' thiok with an B=5) filter interposed.

It can be seen that ths alduronic acids whici are always present in
fraction B are not altered by storing the leaves in the dark, but dissppear
partially or complstely on illumination of the lsaves in the absence of

, carbon dioxide, i.e. under conditions which promote the reduction of the
| carboxyl group.
Purther experimsnts were carried out with wheat sprouts. Upon sprouting

in the dark, the seedlings were divided into two portions, One of these
! portions was allowed to grow further in the dark, whila the other was ex-
gi posed to daylight. After the seedlings had becoms completely green in the
f light, i.e. photosyntheais had begun, both groups of seedlings were fixed
;‘ by placing them into bolling water. After 2 mimtes of boiling the sprouts
?: ware removed from the water and the weakly colored agqueows extract was con-
densed in vacwwm, whereupom fraction B was obtained from it. In soms exper-
imsnte the aqueous extracts were precipitated with newutrel lead acetate in

”, order te eliminate colored substances. In suck esses the precipitate was
filtered off, the 1ead was precipitated with hydrogen sulfide, and upon

| 5 T
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removal of the hydrogen sulfide fraction D wes obtalnad from the solutioa.
The results obtained im these experiments are listed in Table 2. In the
case of Experimsnt 5, Table 2, the test in fraction B Ixpr alduronio acide

i with thioglyvolic acid (6) was positive for the group grown in the light

i and negative for the group grown in the dark.

; As can be seen from the data of Table 2, in the case of young seedlings
’ which had not been exposed to photosynthesis fraction B was slmost totally
devoid of alduronic acids. Alduronic acids appear only after the seedlings
‘ have becoms green, i.e. after photosynthesis has started. In other words,
the alduronic acide of fraction B form as a result of photosynthesia.

Taking into consideration K. A. Boychenko's work on the possibility of

| carrying out the initial reactions of photosynthesis with chloroplasts re-
moved from the plants (5), we investigated the presence of alduronic acida

in the fraction B obtained from isolated chloroplasts. Undamaged chloroplasts
were obtained accordimg to Boyc'enko in the form of films on f{ilter paper.,
Before the experiment the sheets of paper were extracted three times with
water at 100°C. The chloroplast films were placed into boiling water for

2 minutes. Praction B was obtained from the filtered aqueous extracts ob-

tained in this manner. The investigation of the fractions B Yielded the
resultes sumaarised in Table 3.

‘ It can be concluded from all of the data obtained that alduronic acida
‘ oocur in the primary producte of carbon dioxide assimilation. These acids

| remain unchanged in the dark and their quantity d rops in the fraction con-
taining the primary products after the plant has been exposed to light in
the absence of carbon dioxide. Identical results are obtained with isolated
chloroplasts. Exposure to 1ight is necessary in order that alduronic acids

Correlating the results obtained in this instance with our former re-
sults on the formation in leaves of unstable compounds which have the pro-

a , AT T T N
Loy :,'iv»‘v«ﬁ?’v ..‘A“ LW

i

! form in fraction B of wheat seedlings.
i

|

Declassified in Part - Sanitized Copy Approved for Release 2012/04/05 : CIA-RDP82-00039R000100090080-4



_Declassified in Part - Sanitized Copy Approved for Release 2012/04/05 : CIA-RDP82-00039R000100090080-4

perties of peroxides and form hydroxanio acids wader the aetien of hydro-
xylamine, these hydraxamic aeids forming alduroniz acids upon alkaline
hydrolysis, we conclude that alduronic acids probably participate in the
process of photosynthesis. Taking into consideration the prooess of oxi-
dation of polysaccharides into polyuronic acids and aspuming that this
oxidation takes place with the intermediate formation of peroxides, one

mst assume that the unstable bonds of peroxides are a determining factor
in the photocliemical fixation of carbon dioxide, and bring about this fixa-
tion. The participation of alduroaic acids in photosynthesis can be repre-

sented as follows:

0. R/ moH7, Xgyr [00-H ] *6 1,0

1. R [00-B] +2on ~~ R Lec oy &+ 1m0
o

2. R/C-] +600, >R /C-C-0- -
! Js ¥ &0, [;\ 1 "7
00 0

I1.
—™ 60, %R [co-nonu]6 !

K [co-oomJ‘ 413 =R [co.oo-njéni' 61,0
r'.

L. R [00°00°H ], + 120 —» R Loon], + CeMy 0,

R is a complex carbohydrate residue which may be coabined with non-carbo-

hydrate groups. Formation of I explains the reaction of the undamaged leaf

with hrdro.x‘hu.n. Frestisn B oontaing product II, which gives the alduronic
- acid reastion. The.disappearance of uronic acids in fraction B, which takes
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plaoce under the conditions of reduction mmm exposure to
light, is explained by reaction ). The intermwediute product III induces
the reduction processes ocouring during the fixatiom of carbon dioxide by
chloroplasts in an atmosphere of hydrogen, as described by Boychenko.

This hypothesis leads to the idea of a carbohydrate catalyst /[ “"stand"
in the original / which would Le the compound indicated by IV in the reac-
tion schems. The presence of any such catalyst would explain why among all
the possible stereoisomsrs of a simple sugzar only -?mm having a
definite configuration are formed in photosymthesis, In the process of
synthesis, IV is contimally regenecruted and enters into the reaction
again, The "sero" reaction only starts the photosynthesis and requires
the presence of oxygen. The difficulty with which reactions 1 and 2 would
proceud in the presenos of light explains our ovservations on t!w reduced
amount of peroxides and almost complete abrsence of alduronic scids in

fraction B of seedlings which iad not been exposed to light.
Submitted on April 10, 1950
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